Abstract.-The catalytic activity of rabbit liver fructose diphosphatase is enhanced more than fourfold by treatment with coenzyme A or acyl carrier protein. Other sulfhydryl compounds, such as glutathione or cysteine, are without effect. Activation is reversed by reduced glutathione or cysteine, indicating that the enzyme and activator are linked by disulfide bridges. The activ4ted enzyme derivative can be formed by a disulfide exchange reaction at alkaline pH or by an oxidation reaction which proceeds at neutral pH. The latter process requires 02 and Cu++, and is inhibited by EDTA.
Abstract.-The catalytic activity of rabbit liver fructose diphosphatase is enhanced more than fourfold by treatment with coenzyme A or acyl carrier protein. Other sulfhydryl compounds, such as glutathione or cysteine, are without effect. Activation is reversed by reduced glutathione or cysteine, indicating that the enzyme and activator are linked by disulfide bridges. The activ4ted enzyme derivative can be formed by a disulfide exchange reaction at alkaline pH or by an oxidation reaction which proceeds at neutral pH. The latter process requires 02 and Cu++, and is inhibited by EDTA.
In a previous report,' we described the activation of fructose 1,6-diphosphatase (FDPase) by a disulfide exchange reaction with cystamine, and suggested that compounds related to cystamine might serve as physiological regulators. We now wish to report the specific activation of FDPase by reduced coenzyme A or acyl carrier protein. This activation occurs either by an oxidation reaction at pH 7.0 or by a disulfide exchange reaction with the oxidized form of these substances at more alkaline pH.
Materials and Methods.-FDPase was purified from rabbit liver as previously described.2 Enzyme activity was measured spectrophotometrically at 340 mM by following the rate of fructose 6-P production in the presence of TPN and excess glucose 6-P isomerase and glucose 6-P dehydrogenase. The assay systems (1 ml) contained 1 mM fructose 1,6-P2, 2 mM MnCl2, 0.15 mM TPN, 2.0 jug of glucose 6-P dehydrogenase, 2.0 ,ug of glucose 6-P isomerase, 0.5 mM EDTA, and either 40 mM glycine buffer, pH 9.1, or 40 mM triethanolamine buffer, pH 7.5. The specific activity of the purified FDPase preparation, measured in the alkaline buffer, was 20 international units per mg of protein.
CoA, glucose 6 (Table 2) . No activation was observed with oxidized CoA at neutral pH, although the enzyme can be activated by cystamine at pH 7.5, as previously shown. However, the enzyme can also be activated at neutral pH by reduced CoA in what appears to be an oxidation reaction. This activation by reduced CoA at neutral pH requires atmospheric oxygen, and is completely abolished when the components are incubated under an atmosphere of nitrogen (Fig. 2) . The exchange reaction with oxidized CoA is not affected by substituting nitrogen for air in the reaction vessel. Effect of EDTA and metals: The reaction with reduced CoA at pH 7.0 was found to be inhibited by EDTA, in contrast to the exchange reaction at alkaline pH which was not affected by the addition of chelating agent (Table 3) . Inhibition by EDTA was reversed by the addition of a slight excess of Cu++, and to a lesser extent by Fe++ ions, which may displace Cu++ from the EDTA complex.
Other metal ions were without effect.
Since CoA preparations are often contaminated with Cu ++, it was necessary to demonstrate that the observed specificity for CoA was not due to the addition of metal ions with this reagent. We found that under similar conditions the addition of Cu + + did not result in activation by glutathione or cysteine (Table 3) . (Fig. 3) . Discussion.-Two mechanisms have been proposed for the regulation of fructose 1,6-diphosphatase.7 One is the induction of activity at neutral pH when the enzyme normally shows little activity,8 9 and a second is the inhibition by the allosteric inhibitor, AMP.10 We previously have reported that modification of specific cysteine residues in the protein, either by reaction with sulfhydryl reagents,9 11 1or by a disulfide exchange, increase the activity of the enzyme in the neutral pH range. This activated enzyme is more sensitive to the allosteric inhibitor than is the native enzyme.1' 7 The observations suggest that modification of sulfhydryl groups may indeed provide a physiological mechanism for control of FDPase activity in glycolysis and gluconeogenesis. The results reported 950 PRoc. N. A. S.
here implicate two natural compounds, CoA and acyl carrier protein, as possible modulators of FDPase activity. The fact that the oxidation reaction proceeds readily at neutral pH indicates that the enzyme may contain specific binding sites for the pantetheine derivatives. It is noteworthy that all of the compounds which have been observed to activate FDPase in this manner possess the terminal cysteamine moiety.
The activated form of the enzyme appears to be a derivative in which the activator is linked to the protein by a disulfide bridge. Although the number of groups incorporated has not yet been established, the fact that nearly maximal activation is obtained when the protein is treated with four equivalents of CoA indicates that no more than one mole per active (or allosteric) site is required. Studies of the number of groups bound and the nature of the linkage are in progress.
No information is yet available as to whether these compounds function in the activation of FDPase in vivo. Under conditions of gluconeogenesis, acyl carrier protein is more likely to be present in the free form than is CoA, which would be present largely as acyl CoA derivatives. This, together with the fact that the reaction with acyl carrier protein is more rapidly reversed by physiological reducing agents, would support such a role for this compound. However 
